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(54) COMPOSITION FOR FORMING TTTANAIUM OXIDE MEMBRANE AND PHOTOCATALYST STRUCTURE USING THE SAME 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a well-balanced membrane forming compsn. having excellent photocatalytic activity and 
having both of excellent optical characteristics and mechanical durability by allowing a titanium oxide sol and stabilized titanium 
alkoxide to coexist. 

SOLUTION: Titanium oxide particles obtained by hydrolyzing a titanyl sulfate soln. are filtered and washed to be dispersed in a 
nitric acid aq. soln. to obtain an anatase titanium oxide sol. Triethylene glycol is added to tetrapropoxytitanium at room temp, 
under stirring and. after reaction, acetyl acetone is added to the reaction soln. to be reacted with the reaction product and ethyl 
alcohol is added to the reaction soln. to be mixed therewith to obtain stabilized titanium alkoxide. A mixed solvent of ethyl alcohol 
and ethyl acetate is added to the titanium oxide sol to be uniformly dispersed and, thereafter, stabilized titanium alkoxide is 
dripped to the resulting dispersion little by little while mixed to be uniformly mixed therewith to prepare a titanium oxide membrane 
forming compsn. This titanium oxide membrane forming compsn. is applied to the surface of a heat-resistant substrate to obtain a 
photocatalyst structure. 
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* NOTICES * 



JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The constituent for titanium oxide thin film formation which comes to contain a titanium oxide sol and a stabilization 
titanium alkoxide [claim 2] The constituent for titanium oxide thin film formation of claim 1 ****** whose mean particle diameter of 
a titanium oxide sol is 50nm or less [claim 3] The constituent for titanium oxide thin film formation according to claim 1 or 2 whose 
deflocculatant of a titanium oxide sol is a nitric acid [claim 4] The constituent for titanium oxide thin film formation according to 
claim 1 to 3 whose dispersant of a titanium oxide sol is a water solution containing an alcoholic system organic solvent [claim 5] 
The constituent for titanium oxide thin film formation according to claim 1 to 4 whose stabilizing agents of a stabilization titanium 
alkoxide are one sort or two sorts or more of organic compounds which can form titanium and a chelate ring [claim 6] The 
constituent for titanium oxide thin film formation according to claim 1 to 5 whose stabilizing agents of a stabilization titanium 
alkoxide are glycols and/or beta-diketones [claim 7] The constituent for titanium oxide thin film formation according to claim 1 to 6 
whose titanium oxide contents of the titanium oxide sol origin are 5 of the total amount of titanium oxide thru/or 60 % of the weight 
[claim 8] The photocatalyst structure which comes to support the constituent for titanium oxide thin film formation which comes to 
contain a titanium oxide sol and a stabilization titanium alkoxide on a heat-resistant base front face [claim 9] The photocatalyst 
structure according to claim 8 made to support by applying to a heat-resistant base front face the constituent for titanium oxide 
thin film formation which comes to contain a titanium oxide sol and a stabilization titanium alkoxide, and calcinating it at the 
temperature of 350 degrees C thru/or 750 degrees C [claim 10] The photocatalyst structure according to claim 8 or 9 to which a 
heat-resistant base is characterized by being a glass base 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the photocatalyst structure using the constituent for titanium oxide thin film 
formation and it which make it possible to prepare the titanium oxide thin film which has the outstanding photocatalyst activity and 
has the outstanding optical property, mechanical endurance (light permeability etc.) (adhesion, a degree of hardness, wear nature, 
etc.). chemical durability (a water resisting property, acid-proof, alkalinity, etc.). etc. in a heat-resistant base front face. 
[0002] 

[Description of the Prior Art] If light is irradiated from the former, the photocatalyst in which the deodorization function by 
adsorption and disassembly of a malodorous substance, the antifouling function by oxidization and decomposition of the quality of 
an organic contamination affix, and a sterilization function are shown will be known well, and many especially attempts using 
titanium oxide are reported. The base material of the shape of the shape of porosity which consists of various ingredients, the 
shape of a honeycomb, and a sheet is made to support the impalpable powder of titanium oxide about deodorization of a 
malodorous substance, and many approaches of irradiating ultraviolet rays at this are adopted. As the approach of supporting 
titanium oxide impalpable powder to various base materials. ** Make an volatile organic solvent etc. suspend titanium oxide 
impalpable powder, and to a base material, dry, spreading or after carrying out impregnation. To ** base material in which titanium 
oxide impalpable powder is made to mix in the manufacture process of each base material, ** A water soluble polymer, Paste up 
titanium oxide impalpable powder using organic system adhesives and inorganic system adhesives. ** After dipping base materials, 
such as a nonwoven fabric, in the constituent which consists of a titanium alkoxide and titanium oxide impalpable powder, a titanium 
alkoxide is hydrolyzed and the approach (JP,4-174679,A) of drying at the temperature of about 150 degrees C is proposed. By 
these approaches, the great portion of titanium oxide impalpable powder with the weak (**, **, **) adhesive strength of titanium 
oxide impalpable powder and a base material is incorporated in a base material, and the titanium oxide on the front face of a base 
material has faults, such as little (**) etc. Furthermore, since it aims at deodorization, the specific surface area of titanium oxide 
impalpable powder is maximized, and since it is made the front face to which a malodorous substance tended to stick, a pollutant 
tends to adhere to reverse. 

[0003] On the other hand, about antifouling or antibacterial, ** titanium oxide impalpable powder is sprayed on a hot tile front face 
etc., and it sinters at an elevated temperature (JP,5-253544,A), ** the alcoholic solution of** titanium alkoxide which applies to a 
glass substrate the constituent which added the polyethylene glycol (average molecular weight 20,000) to the titanium oxide sol, 
and calcinates it at 450 degrees C (JP.7-51646.A) — a hydrochloric acid and diisopropanolamine — adding — transparent sol liquid 
— preparing — DIPPUKO-TINGU — membranes are formed to a glass substrate by law, and it calcinates at 630 degrees C — etc. 
(JP,7-100378,A) etc. — the approach is proposed. However, by these approaches, although antifouling property and antibacterial 
are high, since the titanium oxide film is translucent, although the light transmittance with low (**, **) light transmittance is high, it 
has troubles, such as (**) etc. with bad stability of presentation liquid and membranous adhesion. 
[0004] 

[Problem(s) to be Solved by the Invention] The object of this invention is to offer the constituent for thin film formation which 
maintained the balance which has the outstanding photocatalyst activity and has the outstanding optical property, mechanical 
endurance (light permeability etc.) (adhesion, a degree of hardness, wear nature, etc.), and chemical durability (a water resisting 
property, acid-proof, alkalinity, etc.). Moreover, other objects of this invention are to have the optical property which formed the 
titanium oxide thin film to the glass base, and was excellent in it, mechanical endurance, and chemical durability, and offer the 
efficient antifouling property (self-consecration nature) photocatalyst structure. 
[0005] 

[Means for Solving the Problem] As a result of advancing research wholeheartedly that this object should be attained, by making a 
titanium oxide sol and a stabilization titanium alkoxide live together, this invention persons find out that the alcoholic content water 
solution which distributed the titanium oxide sol stably over the long period of time is obtained, examine a titanium oxide thin film 
with high optical property which was excellent based on this knowledge, mechanical endurance and chemical durability, and 
photocatalyst activity, and came to complete this invention. 

[0006] The constituent for titanium oxide thin film formation applied to this invention in order to solve the above-mentioned 
technical problem (Configuration 1) It considers as the presentation which comes to contain a titanium oxide sol and a stabilization 
titanium alkoxide. As a mode of this configuration 1 (Configuration 2) The mean particle diameter of said titanium oxide sol 
considers as the configuration which is 50nm or less. As a configuration 1 or a mode of 2 (Configuration 3) The defiocculatant of 
said titanium oxide sol considers as the configuration which is a nitric acid. As a mode of a configuration 1 thru/or either of 3 
(Configuration 4) It considers as the configuration whose dispersant of said titanium oxide sol is a water solution containing an 
alcoholic system organic solvent. As another mode of a configuration 1 thru/or either of 4 (Configuration 5) It considers as the 
configuration whose stabilizing agents of said stabilization titanium alkoxide are one sort or two sorts or more of organic compounds 
which can form titanium and a chelate ring. As a mode of a configuration 5 (Configuration 6) The stabilizing agent of said 
stabilization titanium alkoxide considers as the configuration which are glycols and/or beta-diketones. As a mode of a configuration 
1 thru/or either of 6 (Configuration 7) The titanium oxide content of said titanium oxide sol origin considers as the configuration 
which are 5 of the total amount of titanium oxide thru/or 60 % of the weight. Moreover, the photocatalyst structure concerning this 
invention (configuration 8) It considers as the configuration which comes to support said constituent for titanium oxide thin film 



formation on a heat-resistant base front face. As a mode of a configuration 8 (Configuration 9) Said constituent for titanium oxide 
thin film formation is applied to a heat-resistant base front face, and it considers as the configuration which was calcinated and 
was made to support with the temperature of 350 degrees C thru/or 750 degrees C, and is a configuration 8 thru/or a mode of 9. 
(configuration 10) Said heat-resistant base considers as the configuration characterized by being a glass base. 
[0007] 

[Embodiment of the Invention] According to the above-mentioned configuration 1, it became possible to obtain the antifouling 
property photocatalyst structure with the outstanding optical property, mechanical endurance and sufficient chemical durability, and 
sufficient effectiveness by obtaining the alcoholic content water solution which distributed the titanium oxide sol stably over the 
long period of time, using this constituent, and applying and calcinating at a glass base. 

[0008] According to the configuration 2. it contributes to improvement in the stability of the constituent for titanium oxide thin film 
formation, and the improvement in light permeability of a titanium oxide thin film by setting mean particle diameter of titanium oxide 
to 50nm or less. The desirable still smaller one of mean particle diameter is good, and especially its about 5-10nm is desirable. This 
mean particle diameter computes X-ray particle size from the formula of Sheller. If mean particle diameter is set to 50nm or more, 
a titanium oxide particle will become easy to sediment and the permeability of a titanium oxide thin film will fall further. 
[0009] According to the configuration 3, by using the deflocculatant of a titanium oxide sol as a nitric acid, it can distribute stably, 
without condensing a titanium oxide particle, and photocatalyst activity can be further made high. Furthermore, it thinks because it 
does not remain in a thin film by the oxidation facilitatory effect of the organic substance, and volatilization in a baking process 
after applying a constituent with a stabilization titanium alkoxide to a glass base. 

[0010] According to the configuration 4, it can distribute to stability, without a dispersant's mixing the organic solvent solution of 
the titanium oxide sol of water, and a stabilization titanium alkoxide to homogeneity, and sedimenting a titanium oxide sol. 
[0011] According to the configuration 5, sedimentation of the rapid hydrolysis prevention and the titanium oxide particle of a 
titanium alkoxide by the water in a titanium oxide sol can be prevented by using the titanium alkoxide stabilized using the organic 
compound (henceforth a chelating agent) which can form titanium and a chelate ring. As an organic compound which can form 
titanium and a chelate ring, for example alpha-, such as beta-diketones, such as an acetylacetone and a benzoylacetone, an 
acetoacetic acid, and a propionyl acetic acid, Or low-grade alkyl ester, such as methyl of beta-keto acids and keto acids, ethyl, 
propyl, and butyl It is low-grade alkyl ester, such as oxy acid, such as a glycolic acid and a lactic acid, methyl of oxy acid, ethyl, 
propyl, and butyl, diols, and amino alcohol, and not only one sort but two sorts or more may be mixed and used. 
[0012] In this invention, titanium alkoxides are titanium alkoxides expressed with Ti (OR)4, for example, are a tetramethoxy red 
sandal tree, tetra-ethoxy titanium, tetraisopropoxy titanium, tetrabutoxytitanium, diethoxy diisopropoxytitanium, dimethoxy 
dibuthoxy titanium, etc. The total number of mols of the chelating agent added to per one mol of titanium alkoxides is one mols or 
more, and is two mols or more preferably. Moreover, when using a chelating agent together with alcohols and using it, even if it 
carries out large superfluous addition, it does not interfere. 

[0013] According to the configuration 6, especially, sedimentation of the rapid hydrolysis prevention and the titanium oxide particle 
of a titanium alkoxide by the water in a titanium oxide sol can be prevented preferably, and is further contributed to the 
improvement in the photocatalyst activity of the titanium oxide thin film applied and calcinated on the glass base, an optical 
property, mechanical endurance, etc. 

Ti (OR)4 +2 (AA) -> Ti — ( — AA — ) — two — ( — OR — ) — two (however, AA shows an acetylacetone) — having generated — 
Ti — ( — AA — ) — two — ( — OR — ) — two (it is written as TAA) — In isopropyl alcohol coexistence-ization, since water 
solubility is shown and a solution shows the about five-PH acescence, the stability of a titanium oxide sol and titanium alkoxide 
dispersion liquid is raised by adding further water-soluble suitable glycols. 

[0014] In this invention, the glycols of a liquid of especially glycols are desirable in ordinary temperature at water solubility. For 
example, carry out ring breakage of the alkylene oxide, such as ethylene oxide, propylene oxide, and butylene oxide, with water, and 
are obtained. For example, the polyalkylene glycol obtained by carrying out the polymerization of alkylene glycol and alkylene oxide, 
such as ethylene glycol, propylene glycol, and a butylene glycol. For example, the polymerization object of alkylene oxide, such as a 
diethylene glycol, triethylene glycol, a polyethylene glycol, polypropylene glycols, and those copolymers, is included, the mol of the 
glycols added to per one mol of titanium alkoxides — the mol of a number (G mols) and beta-diketones — the total number of mols 
of a number (K mols) is one mols or more, and is two mols or more preferably. Although the rate of G and K changes with 
descriptions of the total number of mols, and a titanium oxide sol, when the total number of mols is 2, G>=1 and K<=1 are desirable. 

[0015] According to the configuration 7, although photocatalyst activity, an optical property, mechanical endurance, and chemical 
durability can be balanced, at 5 or less % of the weight, lack of photocatalyst activity is accompanied by lowering of the stability of 
a constituent, an optical property, a mechanical property, etc. by the titanium oxide content of the titanium oxide sol origin by 60 % 
of the weight or more. Furthermore, 15 - 40% of the weight of a titanium oxide content is good preferably. 
[0016] According to a configuration 8 thru/or 9, the photocatalyst structure of the titanium oxide thin film of the outstanding 
photocatalyst activity and the outstanding optical property, mechanical endurance, and chemical durability is obtained by applying 
said constituent for titanium oxide thin film formation to a heat-resistant base, and calcinating it at 350 to 750 degrees C. 
Furthermore, preferably, by baking at 450 to 650 degrees C, a stabilization titanium alkoxide becomes the titanium oxide thin film of 
an anatase mold, and the outstanding photocatalyst activity is shown. Although baking by high temperature is desirable for 
mechanical endurance or the improvement in chemical durability, by baking at the temperature of 750 degrees C or more, a crystal 
mold turns into a rutile mold, the bottom of lowering of photocatalyst activity or nebula of a titanium oxide thin film starts, 
permeability falls, and it is not desirable. Moreover, in baking at the temperature of 350 degrees C or less, only that in which cannot 
become the titanium oxide thin film of an anatase mold easily, and mechanical endurance and chemical durability are also inferior is 
obtained. 

[0017] Like a configuration 10 as a heat-resistant base, the property of the titanium oxide thin film of this invention will be further 
harnessed by using a glass base. That is, since permeability is high and photocatalyst activity also has it, the photocatalyst thin film 
concerning this invention can demonstrate the description enough, if the glass base of translucency is used as a base. [ high ] 
Moreover, if the cheap SODA lime glass currently used widely is used as a heat-resistant base, it is applicable to the aperture glass 
for transportation, such as aperture glass for buildings, an automobile, and an electric car, fluorescence tubing for lighting fitting, an 
electric bulb, front glass, a glass bookbinding object, etc. 
[0018] 
[Example] 



After adding triethylene glycol 150g (one mol) in the preparation of stabilization titanium alkoxide> reaction container and making it 
react to it at 70 degrees C for 30 minutes, teaching tetra-propoxytitanium 284g (one mol), and agitating under a room temperature, 
acetylacetone 100g (one mol) — adding — further — it was made to react for 30 minutes, and ethyl alcohol was added, it mixed to 
homogeneity, and the stabilization titanium alkoxide (A-1) whose titanium oxide content is about 5.0 % of the weight was obtained. 
Instead of triethylene glycol and an acetylacetone, two mols of independent [ of an acetylacetone, octylene glycol, and each 
triethanolamine ] were added, and also A-2. A-3, and A-4 were prepared like A-1. Moreover, equivalent mixture of A- 2 and A-3 
was set to A-5. 

[0019] The titanium oxide particle which hydrolyzed and obtained the preparation of titanium oxide sol> sulfuric-acid titanyl 
solution was distributed in the nitric-acid water solution after filtration and washing, and the titanium oxide sol (B-1) of the anatase 
mold of 30 % of the weight of titanium oxide contents was obtained by PH about 1.5 and about 7nm of average particle systems. Gel 
was produced, rinsing filtration was carried out, aging processing was carried out in the autoclave after dilution with water, and the 
anatase mold titanium oxide sol (B-2) of PH9 and about 20nm of average particle systems was obtained from the titanium- 
tetrachloride water solution and the sodium bicarbonate water solution. 
[0020] [The example of the constituent for titanium oxide thin film formation] 

It is ethyl alcohol/to <example 1> titanium oxide sol (B-1) 50g. 100g of mixed solvents of ethyl acetate (50/50 % of the weight) was 
added, and homogeneity was distributed. It was dropped mixing stabilization titanium alkoxide (A-1) 1000g small quantity every to 
these dispersion liquid, it mixed to homogeneity, and the constituent for titanium oxide thin film formation (D-1) was prepared. The 
titanium oxide total amount in D-1 was about 6 % of the weight, and the titanium oxide content of the titanium oxide sol origin was 
23.0% of the weight of the titanium oxide whole quantity. 

[0021] The class of a <examples 2-5> titanium oxide sol and stabilization titanium alkoxide was changed, and the constituent D-2 
to D-5 for titanium oxide thin film formation was prepared like the example 1. 

[0022] The constituent D-6 for titanium oxide thin film formation was prepared like the example 1 using the tetra-propoxytitanium 
which is not stabilized instead of the <example 1 of comparison) stabilization titanium alkoxide. Shortly after adding the titanium 
oxide sol, a lot of precipitate arose. 

[0023] The presentation ratio of the constituent for titanium oxide thin film formation prepared in examples 1-6 and the example 1 

of a comparison etc. was collectively shown in a table -1. Moreover, the change after keeping these constituents for one month at 

a room temperature was judged visually, and the stability was checked. The result was also doubled and it was shown in a table -1. 
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[0025] [The example of the photo catalyst structure] 

Membranes were formed with the dip method using the substrate which carried out precoat of about 100nm oxidization silicon thin 
film to soda lime glass using the constituent (D-1) prepared in the <example 7> example 1, it calcinated at 500 degrees C for 60 
minutes, and anatase mold titanium oxide thin film glass of about 100nm of transparent thickness without nebula was obtained. 
[0026] Using the constituent (D-1 to D-6) prepared in the <examples 8-1 3> examples 1-6. burning temperature and thickness were 
changed, and also the same actuation as an example 7 was performed, and titanium oxide support glass was created. 
[0027] This film was nebula opacity, although titanium oxide powder was made to adhere with a dip method, it calcinated at 500 
degrees C for 1 hour and titanium oxide support glass was created using the precoat glass same to D~6 prepared in the example 1 
of a comparison which carried out the <example 2 of comparison) enforcement **** as an example 7. 



[0028] The result of having measured the antifouling property, the light permeability, mechanical endurance, and chemical durability 
of the photocatalyst structure obtained in examples 7-13 and the example 2 of a comparison by the following approach was shown 
in a table -2. 

[0029] The decomposition experiment of the salad oil of marketing which uses linolic acid as a principal component as an index of 
an antifouling functional measuring method antifouling function was conducted. In paper, thinly, salad oil was applied to the front 
face of the vitreous humour which attached the titanium oxide thin film so that it might be set to 0.1 to 0.15 mg per two 1cm. 
Coverage was calculated by the gravimetry before and behind spreading. In order to install the light of the ultraviolet-rays light 
containing a part of at least 200~400nm light so that it may become 3 mW/cm2 in a glass body surface, and to ask for the relation 
between elapsed time and weight variation after an exposure, the weight of the vitreous humour in predetermined time was 
measured with the precision balance, and it considered as the index of decomposition activity. Antifouling property was ranked and 
carried out by the cracking severity of 8 hours after. A (90 - 100%), B (70 - 89%), C (50 - 69%), D (49% following) 
The predetermined sample was installed in about 11. reaction container, irradiating the ultraviolet rays of 1 mW/cm2 after adhering 
the smoke of the tobacco of the specified quantity, change of a color was measured with the color difference meter, and the 
resolvability of the tar of tobacco was evaluated. Antifouling property was ranked and carried out by the cracking severity of 1 hour 
after. A (90 - 100%), B (70 - 89%), C (50 - 69%), D (49% following) 

[0030] The predetermined sample was installed in the reaction, container of about 1.51. of deodorization functional measuring 
methods, after pouring in acetaldehyde gas so that the interior may become the concentration which is 1300 ppm, UV irradiation of 
1.2 mW/cm2 was performed, and the deodorization function was measured by concentration reduction. Antifouling property was 
ranked and carried out by the cracking severity of 1 hour after. A (90 - 100%), B (70 - 89%), C (50 - 69%), D (49% or less) 
[0031] A part of vitreous humour which attached the measurement titanium oxide of optical straight-line transmission was cut, and 
the sample with a width of face [ of 10mm ] and a die length of 20mm was prepared. The same sample was prepared by the vitreous 
humour which has not attached titanium oxide, and the straight-line permeability to light with a wavelength of 550nm was measured 
with the Shimazu UV-3100PC spectrophotometer by making one of the two into a sample side and one of the two reference-side. 
[0032] A pencil hardness test and wear nature performed mechanical endurance measuring method adhesion by the Scotch tape 
friction test, and performed the degree of hardness by the rubber abrasion test. Adhesion and wear nature considered what not 
exfoliating and the thing which is not worn out as acceptance. 

[0033] The ebullition-proof [ chemical durability examining method ] water test is JIS. It is K5400, an alkali resistant test uses a 

0.05%NaOH water solution, and it is JIS. According to the approach of K5400, it dipped for 24 hours and examined. 
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[0035] From the result of a table -2, the titanium oxide thin film glass of an example 7 had the optical property which 85% of light 
permeability, A ranks of antifouling property, pencil degree-of-hardness 6H and adhesion, boiling water resistance, and whose alkali 
resistance are acceptance, and was excellent, mechanical endurance, and chemical durability, and it was the photocatalyst 
structure of efficient antifouling property. Moreover, 70% or more of light permeability, more than pencil degree-of^hardness 4H and 
adhesion, boiling water resistance, and alkali resistance were acceptance, and the titanium oxide thin film glass of examples 8-13 
also had the outstanding optical property, mechanical endurance, and chemical durability, and was the photocatalyst structure of 
efficient antifouling property. 

[0036] The adhesion of the tar of tobacco, the resolvability of tar, and the deodorization nature of an acetaldehyde were compared, 
and the titanium oxide thin film created in the <photocatalyst activity trial> example 7, the example 13, and the example 2 of a 
comparison was shown in a table -3. 
[0037] 
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[0038] Although the film front face of the example 2 of a comparison has dramatically large surface area at porosity, and it is easy 
to adsorb the tar of a cigarette and suitable for decomposition and deodorization of the resolvability of tar, or an acetaldehyde, the 
film front face is cloudy, and since membranous adhesion is also weak, it cannot be used for the equipment which contacts by hand 
the application which needs the permeability of light, and a film front face. On the other hand, the dirt which was dirt-hard and 
adhered has the self-consecration nature which can be decomposed immediately, and is transparent and excellent also in 
endurance with examples 7 and 13. Especially the example 7 is the photocatalyst structure which maintained the balance well. 
Moreover, these titanium oxide thin film glass was what the origin of the light of the usual white fluorescent lamp also has 
disinfectant [ over Escherichia coli ], and can use it effectively by the hospital, food industry, etc. 

[0039] The same actuation as an example 1 was performed for the titanium oxide thin film constituent (D-1) which created about 
100nm oxidization silicon thin film on the front glass of the high-pressure mercury~vapor lamp equipment of <example 14> 360W by 
the method of dipping / calcinating, and was used for it in the example 1 on it, about 200nm anatase mold titanium oxide thin film 
was formed, and the titanium oxide thin film glass for mercury-vapor lamps was created. The dirt by conventional front glass and 
the exhaust gas of a vehicle was compared for four months in the tunnel, using this titanium oxide thin film glass as front glass for 
high-speed street lighting. The direction which used glass conventionally was dirty, although 24% of illuminance lowering was 
accepted, the glass using a titanium oxide thin film also had little dirt, and the illuminance lowering by dirt is 6%, and showed the 
outstanding antifouling property. 
[0040] 

[Effect of the Invention] The constituent for titanium oxide thin film formation of this invention is the the best for having the 
photocatalyst activity which was excellent by being able to save at the stability after preparation and using the constituent for 
titanium oxide thin film formation of this invention, and the outstanding optical property, mechanical endurance, chemical durability, 
etc. being able to offer the well-balanced titanium oxide thin film photocatalyst structure, and using for high permeability and 
outdoor type lighting fitting for which antifouling property ability is needed especially. 
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TECHNICAL FIELD 



[Field of the Invention] This invention relates to the photocatalyst structure using the constituent for titanium oxide thin film 
formation and it which make it possible to prepare the titanium oxide thin film which has the outstanding photocatalyst activity and 
has the outstanding optical property, mechanical endurance (light permeability etc.) (adhesion, a degree of hardness, wear nature, 
etc.), chemical durability (a water resisting property, acid-proof, alkalinity, etc.), etc. in a heat-resistant base front face. 
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[Description of the Prior Art] If light is irradiated from the former, the photocatalyst in which the deodorization function by 
adsorption and disassembly of a malodorous substance, the antifouling function by oxidization and decomposition of the quality of 
an organic contamination affix, and a sterilization function are shown will be known well, and many especially attempts using 
titanium oxide are reported. The base material of the shape of the shape of porosity which consists of various ingredients, the 
shape of a honeycomb, and a sheet is made to support the impalpable powder of titanium oxide about deodorization of a 
malodorous substance, and many approaches of irradiating ultraviolet rays at this are adopted. As the approach of supporting 
titanium oxide impalpable powder to various base materials, ** Dry, after making an volatile organic solvent etc. suspend titanium 
oxide impalpable powder and applying or infiltrating a base material. To ** base material in which titanium oxide impalpable powder 
is made to mix in the manufacture process of each base material, ** A water soluble polymer, Paste up titanium oxide impalpable 
powder using organic system adhesives and inorganic system adhesives. ** After dipping base materials, such as a nonwoven 
fabric, in the constituent which consists of a titanium alkoxide and titanium oxide impalpable powder, a titanium alkoxide is 
hydrolyzed and the approach (JP.4-174679.A) of drying at the temperature of about 150 degrees C is proposed. By these 
approaches, the great portion of titanium oxide impalpable powder with the weak (**. **. **) adhesive strength of titanium oxide 
impalpable powder and a base material is incorporated in a base material, and the titanium oxide on the front face of a base material 
has faults, such as little (**) etc. Furthermore, since it aims at deodorization, the specific surface area of titanium oxide impalpable 
powder is maximized, and since it is made the front face to which a malodorous substance tended to stick, a pollutant tends to 
adhere conversely. 

[0003] On the other hand, about antifouling or antibacterial, ** titanium oxide impalpable powder is sprayed on a hot tile front face 
etc., and it sinters at an elevated temperature (JP.5-253544.A), ** the alcoholic solution of** titanium alkoxide which applies to a 
glass substrate the constituent which added the polyethylene glycol (average molecular weight 20.000) to the titanium oxide sol. 
and calcinates it at 450 degrees C (JP.7-51646.A) — a hydrochloric acid and diisopropanolamine — adding — transparent sol liquid 
— preparing — DIPPUKO-TINGU — membranes are formed to a glass substrate by law, and it calcinates at 630 degrees C — etc. 
(JP,7-100378,A) etc. — the approach is proposed. However, by these approaches, although antifouling property and antibacterial 
are high, since the titanium oxide film is translucent, although the light transmittance with low (**, **) light transmittance is high, it 
has troubles, such as (**) etc. with bad stability of presentation liquid and membranous adhesion. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] The constituent for titanium oxide thin film formation of this invention is the the best for having the 
photocatalyst activity which was excellent by being able to save at the stability after preparation and using the constituent for 
titanium oxide thin film formation of this invention, and the outstanding optical property, mechanical endurance, chemical durability, 
etc. being able to offer the well-balanced titanium oxide thin film photocatalyst structure, and using for high permeability and 
outdoor-type lighting fitting for which antifouling property ability is needed especially. 
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TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the constituent for thin film formation which 
maintained the balance which has the outstanding photocatalyst activity and has the outstanding optical property, mechanical 
endurance (light permeability etc.) (adhesion, a degree of hardness, wear nature, etc.), and chemical durability (a water resisting 
property, acid-proof, alkalinity, etc.). Moreover, other purposes of this invention are to have the optical property which formed the 
titanium oxide thin film to the glass base, and was excellent in it, mechanical endurance, and chemical durability, and offer the 
efficient antifouling property (self-consecration nature) photocatalyst structure. 
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MEANS 



[Means for Solving the Problem] As a result of advancing research wholeheartedly that this purpose should be attained, by making 
a titanium oxide sol and a stabilization titanium alkoxide live together, this invention persons find out that the alcoholic content 
water solution which distributed the titanium oxide sol stably over the long period of time is obtained, examine a titanium oxide thin 
film with high optical property which was excellent based on this knowledge, mechanical endurance and chemical durability, and 
photo catalyst activity, and came to complete this invention. 

[0006] The constituent for titanium oxide thin film formation applied to this invention in order to solve the above-mentioned 
technical problem (Configuration 1) It considers as the presentation which comes to contain a titanium oxide sol and a stabilization 
titanium alkoxide. As a mode of this configuration 1 (Configuration 2) The mean particle diameter of said titanium oxide sol 
considers as the configuration which is 50nm or less. As a configuration 1 or a mode of 2 (Configuration 3) The deflocculatant of 
said titanium oxide sol considers as the configuration which is a nitric acid. As a mode of a configuration 1 thru/or either of 3 
(Configuration 4) It considers as the configuration whose dispersant of said titanium oxide sol is a water solution containing an 
alcoholic system organic solvent. As another mode of a configuration 1 thru/or either of 4 (Configuration 5) It considers as the 
configuration whose stabilizing agents of said stabilization titanium alkoxide are one sort or two sorts or more of organic compounds 
which can form titanium and a chelate ring. As a mode of a configuration 5 (Configuration 6) The stabilizing agent of said 
stabilization titanium alkoxide considers as the configuration which are glycols and/or beta-diketones. As a mode of a configuration 
1 thru/or either of 6 (Configuration 7) The titanium oxide content of said titanium oxide sol origin considers as the configuration 
which are 5 of the total amount of titanium oxide thru/or 60 % of the weight. Moreover, the photocatalyst structure concerning this 
invention (configuration 8) It considers as the configuration which comes to support said constituent for titanium oxide thin film 
formation on a heat-resistant base front face. As a mode of a configuration 8 (Configuration 9) Said constituent for titanium oxide 
thin film formation is applied to a heat-resistant base front face, and it considers as the configuration which was calcinated and 
was made to support with the temperature of 350 degrees C thru/or 750 degrees C, and is a configuration 8 thru/or a mode of 9. 
(configuration 10) Said heat-resistant base considers as the configuration characterized by being a glass base. 
[0007] 

[Embodiment of the Invention] According to the above-mentioned configuration 1, it became possible to obtain the antifouling 
property photocatalyst structure with the outstanding optical property, mechanical endurance and sufficient chemical durability, and 
sufficient effectiveness by obtaining the alcoholic content water solution which distributed the titanium oxide sol stably over the 
long period of time, using this constituent, and applying and calcinating at a glass base. 

[0008] According to the configuration 2, it contributes to improvement in the stability of the constituent for titanium oxide thin film 
formation, and the improvement in light permeability of a titanium oxide thin film by setting mean particle diameter of titanium oxide 
to 50nm or less. The desirable still smaller one of mean particle diameter is good, and especially its about 5-10nm is desirable. This 
mean particle diameter computes X-ray particle size from the formula of Sheller. If mean particle diameter is set to 50nm or more, 
a titanium oxide particle will become easy to sediment and the permeability of a titanium oxide thin film will fall further. 
[0009] According to the configuration 3, by using the deflocculatant of a titanium oxide sol as a nitric acid, it can distribute stably, 
without condensing a titanium oxide particle, and photocatalyst activity can be further made high. Furthermore, it thinks because it 
does not remain in a thin film by the oxidation facilitatory effect of the organic substance, and volatilization in a baking process 
after applying a constituent with a stabilization titanium alkoxide to a glass base. 

[0010] According to the configuration 4, it can distribute to stability, without a dispersant 's mixing the organic solvent solution of 
the titanium oxide sol of water, and a stabilization titanium alkoxide to homogeneity, and sedimenting a titanium oxide sol. 
[0011] According to the configuration 5, sedimentation of the rapid hydrolysis prevention and the titanium oxide particle of a 
titanium alkoxide by the water in a titanium oxide sol can be prevented by using the titanium alkoxide stabilized using the organic 
compound (henceforth a chelating agent) which can form titanium and a chelate ring. As an organic compound which can form 
titanium and a chelate ring, for example alpha-, such as beta-diketones, such as an acetylacetone and a benzoylacetone, an 
acetoacetic acid, and a propionyl acetic acid, Or low-grade alkyl ester, such as methyl of beta-keto acids and keto acids, ethyl, 
propyl, and butyl It is low-grade alkyl ester, such as oxy acid, such as a glycolic acid and a lactic acid, methyl of oxy acid, ethyl, 
propyl, and butyl, diols, and amino alcohol, and not only one sort but two sorts or more may be mixed and used. 
[0012] In this invention, titanium alkoxides are titanium alkoxides expressed with Ti (OR)4, for example, are a tetramethoxy red 
sandal tree, tetra-ethoxy titanium, tetraisopropoxy titanium, tetrabutoxytitanium, diethoxy diisopropoxytitanium. dimethoxy 
dibuthoxy titanium, etc. The total number of mols of the chelating agent added to per one mol of titanium alkoxides is one mols or 
more, and is two mols or more preferably. Moreover, when using a chelating agent together with alcohols and using it, even if it 
carries out large superfluous addition, it does not interfere. 

[0013] According to the configuration 6, especially, sedimentation of the rapid hydrolysis prevention and the titanium oxide particle 
of a titanium alkoxide by the water in a titanium oxide sol can be prevented preferably, and is further contributed to the 
improvement in the photocatalyst activity of the titanium oxide thin film applied and calcinated on the glass base, an optical 
property, mechanical endurance, etc. 

Ti (OR)4 +2 (AA) -> Ti — ( — AA — ) — two — ( — OR — ) — two (however, AA shows an acetylacetone) — having generated — 
Ti — ( — AA — ) — two — ( — OR — ) — two (it is written as TAA) — In isopropyl alcohol coexistence-ization, since water 
solubility is shown and a solution shows the about five-PH acescence, the stability of a titanium oxide sol and titanium alkoxide 
dispersion liquid is raised by adding further water-soluble suitable glycols. 



m • 

[0014] In this invention, the glycols of a liquid of especially glycols are desirable in ordinary temperature at water solubility. For 
example, carry out ring breakage of the alkylene oxide, such as ethylene oxide, propylene oxide, and butylene oxide, with water, and 
are obtained. For example, the polyalkylene glycol obtained by carrying out the polymerization of alkylene glycol and alkylene oxide, 
such as ethylene glycol, propylene glycol, and a butylene glycol, For example, the polymerization object of alkylene oxide, such as a 
diethylene glycol, triethylene glycol, a polyethylene glycol, polypropylene glycols, and those copolymers, is included, the mol of the 
glycols added to per one mol of titanium alkoxides — the mol of a number (G mols) and beta-diketones — the total number of mols 
of a number (K mols) is one mols or more, and is two mols or more preferably. Although the rate of G and K changes with 
descriptions of the total number of mols, and a titanium oxide sol, when the total number of mols is 2, G>=1 and K<=1 are desirable. 

[0015] According to the configuration 7. although photocatalyst activity, an optical property, mechanical endurance, and chemical 
durability can be balanced, at 5 or less % of the weight, lack of photocatalyst activity is accompanied by the fall of the stability of a 
constituent, an optical property, a mechanical property, etc. by the titanium oxide content of the titanium oxide sol origin by 60 % of 
the weight or more. Furthermore, 15 - 40% of the weight of a titanium oxide content is good preferably. 

[0016] According to a configuration 8 thru/or 9, the photocatalyst structure of the titanium oxide thin film of the outstanding 
photocatalyst activity and the outstanding optical property, mechanical endurance, and chemical durability is obtained by applying 
said constituent for titanium oxide thin film formation to a heat-resistant base, and calcinating it at 350 to 750 degrees C. 
Furthermore, preferably, by baking at 450 to 650 degrees C, a stabilization titanium alkoxide becomes the titanium oxide thin film of 
an anatase mold, and the outstanding photocatalyst activity is shown. Although baking by high temperature is desirable for 
mechanical endurance or the improvement in chemical durability, by baking at the temperature of 750 degrees C or more, a crystal 
mold turns into a rutile mold, the bottom of the fall of photocatalyst activity or nebula of a titanium oxide thin film starts, 
permeability falls, and it is not desirable. Moreover, in baking at the temperature of 350 degrees C or less, only that in which cannot 
become the titanium oxide thin film of an anatase mold easily, and mechanical endurance and chemical durability are also inferior is 
obtained. 

[0017] Like a configuration 10 as a heat-resistant base, the property of the titanium oxide thin film of this invention will be further 
harnessed by using a glass base. That is, since permeability is high and photocatalyst activity also has it, the photocatalyst thin film 
concerning this invention can demonstrate the description enough, if the glass base of translucency is used as a base. [ high ] 
Moreover, if the cheap SODA lime glass currently used widely is used as a heat-resistant base, it is applicable to the aperture glass 
for transportation, such as aperture glass for buildings, an automobile, and an electric car, fluorescence tubing for lighting fitting, an 
electric bulb, front glass, a glass bookbinding object, etc. 
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[Example] 

After adding triethylene glycol 150g (one mol) in the preparation of stabilization titanium alkoxide> reaction container and making it 
react to it at 70 degrees C for 30 minutes, teaching tetra-propoxytitanium 284g (one mol), and agitating under a room temperature, 
acetylacetone 100g (one mol) — adding — further — it was made to react for 30 minutes, and ethyl alcohol was added, it mixed to 
homogeneity, and the stabilization titanium alkoxide (A-1) whose titanium oxide content is about 5.0 % of the weight was obtained. 
Instead of triethylene glycol and an acetylacetone, two mols of independent [ of an acetylacetone, octylene glycol, and each 
triethanolamine ] were added, and also A-2, A-3, and A-4 were prepared like A-1. Moreover, equivalent mixture of A- 2 and A-3 
was set to A-5. 

[0019] The titanium oxide particle which hydrolyzed and obtained the preparation of titanium oxide sol> sulfuric-acid titanyl 
solution was distributed in the nitric-acid water solution after filtration and washing, and the titanium oxide sol (B-1) of the anatase 
mold of 30 % of the weight of titanium oxide contents was obtained by PH about 1.5 and about 7nm of average particle systems. Gel 
was produced, rinsing filtration was carried out, aging processing was carried out in the autoclave after dilution with water, and the 
anatase mold titanium oxide sol (B-2) of PH9 and about 20nm of average particle systems was obtained from the titanium- 
tetrachloride water solution and the sodium bicarbonate water solution. 
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